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Abstract 
Taking account of the fact that there is complex space load on the carriageway of the South highway stream crossing it is 
reasonable to use numerical method for determination of stain and tension pavement condition based on the solution of elasticity 
theory equations – Finite Element. The application of numerical modeling is determined by the fact that load patterns are 
becoming more complicated and require spacial concept in order to enhance the quality of overpass pavement design. Atypical 
example for deformation fields distribution in one of the bridge crossing sections under traffic load is provided. The analysis of 
the investigation results enables us to conclude that the minimum tension stress in the pavement will be at the pavement thickness 
90 mm and stamp diameter 300 mm. under this condition the tension in the pavement will not exceed 3.7 MPa. 
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1. Urgency of a problem 
Taking account of the fact that there is complex space load on the carriageway of the South highway stream 
crossing it is reasonable to use numerical method for determination of stain and tension pavement condition based 
on the solution of elasticity theory equations – Finite Element Method as the most universal and efficient one. Its 
particular feature is a direct changeover from the continual subject to sampling analysis by the way of investigated 
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subject area division into the range of sub-areas and approximation of displacement fields, forces, tension, for 
example with the application of  engineering calculating complex ANSYS. 
2. Analytic Description of 3 D Numerical Model Algorithm 
The application of numerical modeling is determined by the fact that load patterns are becoming more 
complicated and require spacial concept in order to enhance the quality of overpass pavement design. 3 D modeling 
main goal is to remove the drawbacks in the investigation of power load and pavement strength properties under 
traffic load in flat setting. This enables us to estimate more efficiently traffic and overpass pavement interaction 
efficiency considering the minimum pavement change. 
Engineering calculating complexes like ANSYS, SolidWorks, Inventor etc. are widely use for this purpose and 
enable us to use specified pavement behavior patterns under load.  
The application of such complexes allows to shorten the engineering design operations performance period, to 
decrease essentially the investigation result generation term as well as the design time. Accept for quality 
quantitative characteristics the use of such complexes enables us to receive high quality visual picture of the results 
obtained. 
The model of overpass part is created in Mechanical Desktop shown in (Fig. 1). 
 
 
Fig. 1. The model of the bridge. 
Mechanical and physical pavement and structural steel parameters, loads, contacts and boundary conditions for 
the purposes of task solution have been created within Ansys framework as well as models breakdown into the 
network of fine elements in the tetrahedron form. 
Here is the algorithm of task analytic description in the three-dimensional space for a special model element 
(tetrahedron), described (Larry et al. 1976). Task solution for three-dimensional sub-system made within Ansys 
framework. 
Analytical model of the external loading impact on the overpass pavement in this case is provided in (Fig. 2). 
The overpass pavement is being influenced by the pressure Р from the traffic wheels moving in three lines along 
the bridge overpass. Pressure Р is proportionally distributed over the contact patch. The distance between the wheels 
is accepted as 2100 mm. The pavement is considered to be an elastic body and statically undetermined highway 
stream crossing structure as calculating. 
The following factors are accepted to be changeable factors which in our opinion will have the most substantial 
influence on the change of pavement tension state (spreading the tension) under other permanent conditions: 
Х1 – pavement thickness, h, mm; 
Х2 – pressure from vehicles over the pavement, Р, МPa; 
Х3 – pavement young’s modulus, Е, МPа; 
Х4 – contact patch diameter, D, mm. 
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Fig. 2. Model of loading on the overpass pavement the bridge from traffic. 
The levels of changeable factors and variability intervals have been chosen basing on the analysis of pavement 
types, their properties, loads and contact patches from vehicles, provided in (Table 1). 
In case any background factors change there is an opportunity to get strain functional relation in the characteristic 
points caused by the change of this factor. The determination of tension state in the particular points of pavement 
under the change of several factors requires factorial experiments involving unbiased sampling of essentials value 
patterns. 
Table 1. Levels of variables and intervals of variation in study the influence of stress on the vehicle to cover. 
Independent variables Levels of variation Varying intervals Δі 
Upper +1 Main 0 Lower –1 
X1 h, mm 90 80 70 10 
X2 Р, MPa  1.0 0.9 0.8 0.1 
X3 Е, MPa  7000 5500 4000 1500 
X4 D, mm 360 330 300 30 
 
In the result we can get strain mathematical model (MM) in the characteristic points of pavement depending on 
the change of external factors: 
( )  ..., , , 21 nxxxfy = ,  (1) 
where: y – is a response function, in this case spreading the tension σ over the overpass pavement; x – factors which have 
influence on the pavement tension state.  
In case we get the model of the above mentioned type this will enable us to analyze across-the-board the change 
of pavement tension state both in particular points and in the massive as a whole under the change of initial 
parameters value. This will allow us in the long run to identify a reasonable pattern of initial parameters value which 
can provide minimum value of the tension stress and maximum pavement durability. 
It is possible to construct mathematic models of the pavement tension state only basing on the data received in 
the result of factorial experiment either physical or numerical. Taking account of the fact that physical experiments 
are rather expensive, time and labour consuming then it is more reasonable to carry on numerical (computer) 
experiments in order to achieve the objectives. 
The faithfulness of such numerical experiments should be obligatory confirmed by physical experiments. The 
choice of initial parameters rational values determining pavement tension stress can be insured by the way of 
experiments planning. 
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There is a huge number of options for the factorial experiment design (Golikova et al. 1974; Andrukovich et al. 
1969; Brodsky et al. 1970) having studied which we consider that the optimal one in order to achieve the objectives 
there is a second-order design. 
Second-order quadratic model designs are similar to D-optimal type Вn, and are the most widely used comparing 
with orthogonal and rotatable Box design. They differ from other second-order designs by small number of 
experiments and the opportunity to get regression estimated coefficient with minimum dispersion. 
Therefore in order to build a mathematic model (regression equation) for pavement tension state determination 
we will use a full factorial design and Bn type design for quadratic models. 
At the construction of full factorial еxperiment design in order to receive mathematic models with variation of 
changeable factors at two levels, the number of the experiments required equals 2к, where к – is the number of factors. 
In case we use Bn type design for quadratic models the number of experiments is determined as follows 2к + 2к. 
Consequently, the minimum number of numeric experiments at the determination of pavement tension state 
under this investigation should be 24 = 16 for design core. In case of necessity 8 star points should be added to the 
design. 
Construction at empiric level (Kiselev et al. 1983) of mathematic model type (Onishchenko et al. 2014) 
describing the dependence of tension at asphalt-concrete under the influence of traffic taking account of factors 
which influence the pavement tension state in accordance with the planning matrix, will enable us to find stress rate 
in particular points and achieve the objectives regarding the choice of rational pavement thickness. 
The numeric experiment design is provided in Table 1. 
The way to determine mathematical models coefficients is the least squares method (LSM), the application of 
which is justified (Fedorov et al. 1971).  
This means that the model type is determined beforehand as the structure of “desired” created function is not 
completely known. Selection of function class or type is made basing on aprior information (Adler et al. 1977). The 
choice of type at the beginning of the investigation is based on the theory of xi linear factor influence on the 
investigated response function value. Mathematic models received in the experiment result are empiric (statistical).  
As statistical mathematical models are designed not for description of mechanism measuring the strain in the 
asphalt-concrete but for definition of system behavior, we will judge from simplicity principle when choosing the 
function type (Larry et al. 1976). Polynomial models of т order correspond this principle the best and are written 
for k-variable factors as follows: 
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where: ai, ain, ainj – is polynomial models importance index. 
Addendum ξ reflecting the influence of chance factors on the results of model importance coefficient estimation 
has been introduced into the mathematic model. ξ value is a model margin of error or excess. This value is 
randomized, its mathematical expectation equals zero and dispersion equals Sy2 ≠ 0. 
In case we analyze the results using this model the conformity principle or model validity principle should be 
realized (Larry et al. 1976). In case there is correspondence inadequacy we consider the opportunity to design a 
quadratic model: 
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3. Deformation fields distribution  in orthotropic slab of bridge crossing under action of traffic 
In order to measure pavement tension state of the bridge crossing in accordance with design model (Fig. 2) and 
initial data provided in (table 1) the investigation has been carried out to estimate pavement stress-strain state using 
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fine element method and methodology provided on the mail levels (1–3) with the application of Аnsys bundled 
software. 
Atypical example for deformation fields distribution in one of the bridge crossing sections under traffic load is 
provided at Fig. 3. 
 
 
Fig. 3. Fields strain bridge from the action transport. 
Basing on the results received we can conclude that maximum deformation fields are distributed in the cantilever 
arm of the structure. Peak strain makes 10.9 mm. These results coincide with the data received in the result of the 
experimental test of deformation in the in the cantilever arm of the bridge under traffic load (Onishchenko et al. 2014). 
The data received is 10 mm (Fig. 3). The difference does not exceed 9% that can be indicative of the rather high 
reproducibility of the results received in experimental way (Onishchenko et al. 2014) and from the model. 
 
 
Fig. 4. The results of calculation of equivalent stresses in pavements and metal. 
The provided results (Fig. 4) of equivalent stress in the pavement and steelworks, which accordingly has more 
essential stress-strain state. Equivalent stress in some points make approximately 80 MPa. 
4. Bridge crossing pavement stress-strain state in the traffic contact surface 
The following stage of the investigation should measure stress-strain state in the traffic contact surface and bridge 
crossing pavement. 
The typical results of normal tension stress measurement, acting in the pavement locating on the orthotropic slab, 
are in accordance with the design parameters.  
The highest tension stress values are in the cantilever arm of the bridge crossing (in this case 0.7 МPа, at the 
layer thickness 90 mm, presser 0.8 МPа and material young’s modulus 7 GPа), for this reason we will further 
consider the farthest contact patch value of the traffic with pavement at the right outer lane. 
Estimation of factors influence on the change of tension stress in the bridge pavement in the result of traffic 
impact. Our task is to estimate which of the above mentioned factors influence the change of tension stress in the 
pavement in the result of traffic impact.  
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On the base of the data received and having applied polynomial model for 4 variable factors type (3) we have received 
regression equation to measure the change of tension stress in the top layers of bridge crossing pavement: 
2
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As the received model is empiric one (statistical), this fact predetermines obligatory performance of its results 
statistical analysis.  
The correct processing and application of the numerous experimental investigation results can be done only in case 
when variances in each investigation point are the same (homogeneous). The check of variances homogeneous is made 
on the base (Barabaschuk et al. 1984). 
The check of test values distribution law in each series of replicated experiments was carried out by the way of 
variance ratio comparison in each planned experiment and summarized experiment variances with Cochren (Larry et 
al. 1976) tabulated point. In case the Cochren tabulated point is exceeded the experiments, results of which coincide 
with heterogeneous variances, were repeated again in other case the hypothesis of homogeneity of variances was 
accepted. 
The variances check in accordance with Cochren’s criterium is as follows. Among the variances definitive estimate 
the maximum value should be found and the ratio of the maximum variance estimate to the sum of all variance 
estimates is determined (Onishchenko et al. 2014).  
The analysis of the initial data Х1…Х4 and its combinations influence level on the change of normal tension 
stress values along the axis OX in the pavement top layer enable us to conclude that the decrease of pavement layer 
and pavement elasticity modulus as well as increase of presser from traffic and contact patch diameter seriously 
influence the process. 
Our task is to determine pavement thickness rational values in order for the normal tension stress values along the 
axis OX in the pavement top layer to be assumed and minimum.  
Basing on the results of numerous experiments performed we provide a characteristic curve of the normal tension 
stress values change in the pavement under the condition of layer thickness change h. At (Fig. 5, Fig. 6) you can see 
a characteristic curve of the normal tension stress values in the pavement under the condition of layer thickness 
change h at the presser of 0,8 MPa on the pavement and contact diameter 300 mm. 
 
                  
 Fig. 5. Changing the normal tensile stresses Fig. 6. Changing the normal tensile stresses in the pavement 
 in the pavement layer with the thickness h.  by changing the diameter punch D. 
The analysis of such dependence confirms the assumptions that the increase in the pavement thickness layer 
causes the decrease of tension stress in it (Fig. 7). 
The analysis of such dependence (Fig. 8) enables us to conclude that stamp diameter can seriously influence. As 
this stamp increases the tension stress increases as well from 3 to 4 MPa and more, taking account of the material 
elasticity modulus increase.  
Except for the analysis of separate factors of traffic influence on the change of tension stress, let us estimate the 
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combination of some other factors. From our point of view the most important thing is to analyze the simultaneous 
influence of Х1 – pavement layer thickness, h, mm and Х4 – stamp diameter, under the average values of presser 
0.8 MPа, and Е = 5500 МPа. The results are reflected at (Fig. 9, Fig. 10). 
 
                     
 Fig. 7. Changing the normal tensile stresses in the pavement Fig. 8. Changing the normal tensile stresses in the coating 
 layer h with the thickness h and transport to the surface pressure. in the thickness of the pavement and the piston diameter D. 
                           
 Fig. 9. Changing the normal tensile stresses in the pavement  Fig. 10. Changing the normal tensile stresses in the pavement 
 in the thickness of the pavement and elastic modulus  when the pressure to cover  
 of the material. and piston diameter. 
5. Conclusions 
The analysis of the investigation results enables us to conclude that the minimum tension stress in the pavement will 
be at the pavement thickness 90 mm and stamp diameter 300 mm.  
Under this condition the tension in the pavement will not exceed 3.7 MPa. 
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